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(54) Title: BONE FIXATION PIN WITH ROTARY CUTTING TIP 
(57) Abstract 

A fixation pin and methods for attaching an immobilizing device or frame to 
a bone or to the skull of a patient with, a skeletal injury are provided. A preferred 
embodiment of the pin comprises an externally threaded cylindrical body having 
on its leading end a shoulder and a smaller diameter coaxial cylindrical post with 
a rotary cutting tip on its face. The post fits snugly into a hole drilled into the 
bone by the cutting tip without the need for a high axial force to- insert and hold 
the post in place. Drilling the hole with a rotary cutting tip on the face of the post 
minimizes lateral damage to the bone. The minimal lateral bone damage and the 
low axial force provide for a low incidence of pin loosening and side effects such 
as infections secondary to loosening and headaches. The shoulder limits the depth 
of penetration of the cutting tip into the bone. A crescent shaped halo utilizing the 
fixation pin is also provided. 
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WO 98/30167 PCT/US98/00278 
BONE FIXATION PIN WITH ROTARY CUTTING TIP 



This invention relates generally to orthopedic instruments used in surgery and 
more specifically to pins for use in bone reparation. 

Background of the Invention 

In cases of skeletal injuries such as broken bones and cervical spinal injuries, 
5 it is usually necessary to fix or stabilize the position of the bones or the head of a 
patient while the injury heals or undergoes treatment Such fixation may require the 
attachment of an external fixation frame to the long bones or a traction device or halo 
orthosis to the skull of a patient. A commonly used device for attaching a frame to 
a bone structure is the fixation pin. The halo orthosis or halo traction device provides 
1 0 cervical spine immobilization by penetration of the outer table of the skull with fixation 
pins passed through a ring or "halo" surrounding the skull and attached to a rigid 
body vest or cast or to a traction mechanism. As used herein, "halo orthosis" refers 
to the entire support apparatus and "halo" refers to the ring or frame which fully or 
partially surrounds the skull. The external fixation frame provides long bone immobili- 
zes zation by penetrating each segment of the broken bone with fixation pins attached to 
a rigid frame. 

Fixation pins are well known in the art. Typically, halo type fixation pins are 
screw-like devices having a threaded cylindrical body, a conical tip at the front end 
for penetrating at least the outer surface of a bone, and a head or depression at the 
20 rear end for coupling to a means for rotating the pin. Long bone fixation pins are 
typically threaded and may be self-tapping. 

Many types of fixation pins have been devised and described in patents and 
publications. U.S. Patent 2,966,383, to Carl H. Boetcker and William A. Shafer, 1960, 
discloses a surgical headrest utilizing a pin having a spring-loaded conical tip with a 
25 surrounding flange. 
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U.S. Patent 4,978,350, to Marcel H. Wagenknecht, 1990, discloses a fixation 
pin having flutes similar to a twist drill cut into the threaded portion of the pin. 

U.S. Patent 5,522,817, to Thomas W. Sander and Jeffery S. White, 1996, 
discloses a surgical bone pin having a bone penetrating element and a bioabsorbable 
5 shaft of uniform diameter. 

An article "Structural Behavior of the Halo Orthosis Pin-Bone Interface: 
Biomechanical Evaluation of Standard and Newly Designed Stainless Steel Halo Fixa- 
tion Pins" by Steven R. Garfin et al. from Spine . Vol. 11, No. 10 of 1986, pages 977- 
981 contains Figs. 1 and 2 on page 978 showing various pin designs. These two 
10 figures are reproduced herein as Figs. 1A-1G and Figs. 2A-2B, respectively, The 
alphabetic portions of the figure numbers for Figs. 1A-1G and Figs. 2A-2B herein 
correspond .to the alphabetic reference characters in Figs. 1 and 2 of the article. 

Figures 1A-1G are schematic diagrams of one standard (control) pin design 
and six experimental pin designs: standard tip (Fig. 1A), conical tip (Fig. 1B), cylindri- 
£.15 cal tip with sharp cutting edge (Fig. 1C), cylindrical tip with sharp cutting teeth on 
edge (Fig. 1D), narrow bullet tip (Fig. 1E), wide bullet tip (Fig. 1F), and bullet tip and 
raised cylindrical shoulder with cutting edge Fig. (1G). The authors of the article 
stated that "All designs but one proved unsatisfactory because of inadequate (Figure 
1: C, D, E) or excessive (Figure 1: B, G) pin penetration into the calvarium. The 

20 remaining pin design (Figure 1: F, and Figure 2) used a stainless steel cylindrical tip 
1.5 mm in diameter with a sharp, slightly tapered point machined on the end. The 
distance from the tip of the pin to the shoulder measured 2.5 mm. The choice of this 
distance was based on previous measurements of the mean thickness of the outer 
cortex of the adult calvarium. This pin design enables the cylindrical column of the 

25 pin to penetrate the outer table of the adult calvarium, but further penetration is 
limited by the shoulder of the pin. As a result, adequate pin penetration is achieved 
but excessive penetration with its serious complications is avoided." 
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Figures 2A and 2B are schematic diagrams showing in greater detail the 
experimental wide bullet tip design of Fig. 1F and the standard tip design of Fig. 1A, 
respectively. The control pin having the standard tip design was described in the 
article as a commercially available stainless steel halo fixation pin (Jerome Medical, 
5 Mt. Laurel, New Jersey). 

With the potential for catastrophic complications associated with inadequate 
immobilization of unstable cervical spine injuries, it is important to maintain a stable 
connection between a halo and the skull of the patient. However, loosening of the 
fixation pins at the pin-bone interface is the most common complication associated 
10 with use of the halo orthosis. Pin loosening rates as high as 60% have been 
reported. Conclusions have typically been that loosening is reduced if the insertion 
torque and subsequent pin tip penetration are increased resulting in a larger axial pin 
fixation force into the skull surface. ' 



Conventional conical or tapered pin tips require high axial forces to insert and 
15 hold the pins in place without loosening. For example, the aforementioned article 
states that a torque of 8 in-lb (0.9 N-m) applied to halo pins has been found to be 
safe and effective in lowering the incidence of pin loosening and infection. Eight in-lb 
of torque applied to a fixation pin can produce axial forces in the range of 100 to 200 
pounds (450 to 900 N) depending on the material of the pin, lubrication, etc. Such 
20 high forces can be quite uncomfortable for the patient. For example, headaches are 
a well documented side effect of halo fixators. 

It is therefore an object of this invention to provide a fixation pin which can be 
inserted and held in place with a small axial force and with little damage to the 
surrounding bone, and which can withstand repetitive transverse loading without 
25 loosening. Another object of the invention is to provide a halo orthosis which affords 
more comfort and better peripheral vision for the patient, greater flexibility in pin 
placement, and better access to the spine for treatment. A further object of the 
invention is to provide a method of attaching an external fixation frame to a long bone 
which reduces the risk of damage to tissue surrounding the bone. 
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Summary of the Invention 

The invention provides a rotary-cutting fixation pin for attaching an immobilizing 
device or frame to a bone or to the skull of a patient. The pin comprises a body, a 
cylindrical post attached to the body, a rotary cutting tip on the face of the post, and 
a shoulder extending radially outward from the base of the post. Herein, when 
referring to a post, "base" refers to the attached end and "face" refers to the unat-~ 
tached end of the post. Also herein, when referring to a body or post, the word 
"cylindrical" means having a generally cylindrical surface but does not exclude 
depressions, reliefs, flats or flutes cut or formed into the cylindrical surface. The 
rotary cutting tip comprises cutting edges extending radially outward on the face of 
the post. Herein, the phrase "extending radially outward" means extending outward 
from the axis of a cylinder along any path having a radial component in its vector, 
such as a diagonal or spiral path, and may also include an axial component. The 
body is preferably cylindrical in shape, with a body diameter greater than the post 
diameter, and attached coaxially to the post. Then, preferably, the shoulder extends 
from the diameter of the post to the diameter of the body. Also preferably, the body 
has screw threads along a portion of its length, for inserting and retaining the pin in 
a halo or long bone, and a coupling feature for rotating the pin. 

During insertion, the pin is rotated and the cutting tip is advanced into the 
bone. The cutting tip drills a clean cylindrical hole into the bone without requiring a 
large axial force. The shoulder limits the depth of penetration of the post into the 
bone. After insertion, the cylindrical post fits snugly in the hole and no axial force is 
necessary to hold the post in place. 

Eliminating the need for large axial forces to insert and retain the pin in halo 
applications permits the use of a more comfortable halo orthosis, reduces compres- 
sion damage to the bone surrounding the pin, reduces loosening of the pin in the 
bone, and reduces the incidence of side effects such as infections secondary to 
loosening and headaches resulting from continuous large axial forces over long 
periods of time. 
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The inventipn also provides a horseshoe shaped crescent halo and a method 
of attaching a long bone fixation frame, both utilizing a fixation pin of this invention. 

Brief Description of the Drawings 

Figures 1A-1G are schematic diagrams of various forms of prior art. 

, 5 Figures 2A and 2B are more detailed diagrams of Figs. 1F and 1A. 

Figure 3 shows a preferred embodiment of the fixation pin. 

Figure 4 is a perspective view of the rotary cutting tip of the pin. 

Figures 5A and 5B show variations on the embodiment of Fig. 3. 

Figure 6 is a cross-sectional side view of the pin in a skull. 
10 Figures 7A-7C show a crescent halo orthosis. 

Figure 8 shows a flexible halo orthosis. 

Figures 9A and 9B show the pin in a long bone application. 

Figures 10A and 10B show the pin in a bone fragment. 

Description of the Preferred Embodiment 

15 In the drawings, like reference numerals indicate like features; and, a 

reference numeral appearing in more than one figure refers to the same element. 
The drawings and the following detailed descriptions show specific embodiments of 
the invention. Numerous specific details including .materials, dimensions, and 
products are provided to enable a more thorough understanding of the invention. 

20 However, it will be obvious to one skilled in the art that the present invention may be 
practiced without these specific details. 
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Referring to Fig. 3, fixation pin 10 comprises cylindrical body 11, cylindrical 

. -i 

post 12 coaxialiy attached to the leading end of body 11, rotary cutting tip 13 formed 
on the" face of post 12, radial shoulder 14 formed between the adjacent ends of the 
cylindrical surfaces of body 11 and post 12, optional screw threads 16 formed on a 
5 portion of the cylindrical surface of body 11, and optional square pin head 17 and 
screwdriver slot 18 formed on the trailing end of body 11, Preferably the post 
diameter is smaller than the body diameter and shoulder 14 extends between the 
post diameter and the body diameter. However, the diameter of shoulder 14 can be 
larger or smaller than than the diameter of body 11. 

10 In use, when inserting pin 10 into a bone, pin 10 is rotated and cutting tip 13 

is advanced into the bone by screw threads 16 or by an axial force applied to body 
11. As cutting tip 13 advances, a hole is drilled into the bone which fits snugly 
around post 12. The drilling operation can be continued until shoulder 14 contacts 
the bone thereby limiting the depth of penetration of post 12 into the bone. By use 

15 of cutting tip 13 on the face of post 12, the bone outside the diameter of post 12 is 
undamaged by the insertion and retains its structural integrity for supporting 
transverse loads applied to post 12 and possible axial loads applied to shoulder 14. 

The leading end of body 11 is optionally tapered. Tapered section 15 permits 
the use of a standard diameter for body 11, for strength and compatibility with 

20 existing frames, along with a smaller diameter for shoulder 14 to minimize the area 
of soft tissue involvement around the pin insertion site. However, the length, shape 
and degree of taper (including no taper) of section 15 may vary depending on various 
dimensions and applications of the pin. Pin head 17, comprising four flat surfaces 
formed on body 11, and screwdriver slot 18 comprise optional coupling features for 

25 rotating the pin during insertion. However, other forms of coupling features well 
known in the art may be used. For example, a hexagonal head comprising six flat 
surfaces formed within the diameter of body 1 1 may be used instead of square head 
17 or a Phillips screwdriver or Allen wrench socket can be used in place of the flat 
blade screwdriver slot 18. Or, either the head or the slot can be used without the 
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other. As a further example, an external cap can be threaded or clamped onto the 
pin thereby requiring no coupling feature at all. 

Figure 4 is an expanded perspective view of rotary cutting tip 13 showing 
rotationally leading surfaces 131 t rotationally trailing surfaces 132, and cutting edges 
5 133 fprmed by the intersections of surfaces 132 and 133. Cutting edges 133 extend 
radially outward to substantially the same radius as that of post 12 to permit cutting 
a clean hole which fits snugly around post 12. The open space between surfaces 
131 and 132 provides room for bone chips as cutting progresses. Since bone is 
porous, the chips occupy less space than solid bone and spiral flutes such as used 

10 in twist drills are normally not necessary. However, within the definition of cylindrical 
as used herein, flutes may be provided on post 12 if necessary or desired. Although 
four cutting edges oriented substantially perpendicular to the axis of post 12 are 
shown here- as a preferred embodiment, it will be apparent to those of ordinary skill 
, in the art that the cutting function can be achieved with a different number, shape or 

15 orientation of cutting edges and surfaces. For example, the cutting edges can extend 
axially farther out at the center of the face than at the perimeter thereby forming a 
point similar to that of a twist drill. 

Figure 5A shows a variation on the configuration of fixation pin 10 of Fig. 3. 
Fixation pin 20 comprises cylindrical body 21, cylindrical post 12 coaxially attached 

20 to the leading end of body 21, rotary cutting tip 13 formed on the face of post 12, 
rounded shoulder 22 formed between the adjacent ends of the cylindrical surfaces of 
body 21 and^ post 12, screw-threads 23 formed on a portion of the cylindrical surface 
of body 21 and screwdriver slot 24 formed on the trailing end of body 21. In this 
configuration, shoulder 22 flows smoothly from the cylindrical surface of body 21 to 

25 a surface substantially perpendicular to the axis common to body 21 and post 12. 
Also, the coupling feature consists of screwdriver slot 24 alone without the head 16 
of Fig. 3. 

Body 21 (and body 11 of Fig. 3) may be provided with flutes 25 and self- 
tapping threads 26 as shown in Fig. 5B for use in long bones (described later) or 
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without threads for use in unthreaded immobilizing devices, e.g., devices with clamps 
for holding the pins. Self-tapping threads 26 can have the form of a truncated cone 
in that the diameters of the threads decrease toward the leading end. Although body 
21 and body 11 of Fig. 3 are preferably cylindrical in shape, the cylindrical surface 
5 can be modified by flutes, flats or other surfaces contained within the diameter of the 
cylinder. For example, a coupling feature can be formed by grinding flat surfaces on 
a cylindrical body for receiving a wrench. Also, for example, a pin can include 
surfaces, such as flats, ground or otherwise formed on all or a portion of the length, 
and a portion of the circumference, of a cylindrical body (for receiving a tool such as 

10 an open end wrench) while retaining enough of a cylindrical shape to fit snugly into 
a round or threaded hole. If the fixation pin is not required to fit into a hole in a frame 
or orthosis, i.e., other devices for attaching the pin to the frame are used, the body 
of the pin may take whatever shape is appropriate for the attaching device. For 
example, the attaching device can be a screw or pin inserted through the frame and 

15 into the fixation pin. - 

Although the post, cutting tip, body and shoulder are described and illustrated 
in Figs. 3, 4, 5A and 5B as integral parts of a pin, they can comprise discrete 
components fastened together to form a pin. For example, the shoulder can be a 
collar, flange or short ring formed on, or attached to, the base of the post In this 
20 case, the. post and the body adjacent to the post can have the same diameter with 
the shoulder having a larger diameter and thereby defining the base. Or, the 
shoulder can have the form of a disk captured or bonded between a discrete post and 
body. 

25 Figure 6 is a cross sectional view of fixation pin 10 inserted into a skull. This 

view shows post 12 of pin 10 inserted, through a small incision made in the external 
soft tissue 19 (skin), into skull 18. Preferably, during insertion, a halo (not shown) is 
placed around the head of the patient and body 11 is threaded into a tapped hole in 
the halo. Then pin 10 is rotated via its coupling feature, which advances cutting tip 

30 13 into skull 18. This process cuts a clean cylindrical hole into skull 18 and leaves 
post 12 fitting snugly in the hole with minimal surrounding bone damage and with little 
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or no required axial force. Alternatively, an unthreaded pin can be inserted, into an 
unthreaded hole in a halo and rotated by a chuck clamped to the trailing end of the 
pin. The pin can be advanced by a low axial force applied to the pin by the chuck. 
When the cutting process is finished, the pin can be held in place by a clamping 
5 device in the halo. In either case, if necessary, shoulder 14 limits the depth of 
penetration of cutting tip 13 by contact with the outer surface of skull 18. 

Because of the high axial force required to insert and prevent loosening of 
conventional fixation pins with conical or tapered tips, the halo portion of a halo 
orthosis is typically a complete, i.e., closed, ring and normally located on or near the 

10 equator of the skull to avoid slippage. The closed ring is, more rigid when subjected 
to radial forces than an open ring of similar proportions and the skull is stronger near 
the equator. However, a closed ring at the equator location obstructs the peripheral _ 
vision of the patient, is uncomfortable and may limit access to the injured spine. In 
the current invention, the low axial force required by the fixation pin and its more 

15 effective penetration and increased fixation strength permit greater freedom in the 
shape and positioning of the halo. Figure 7A is a schematic diagram of a crescent 
halo orthosis 30 made practical by fixation pin TO. Halo orthosis 30 includes crescent 
halo 31 which has the shape of an elongated crescent or horseshoe. Halo 31 is tilted 
backward relative to the equator of skull 32. Tilting halo 31 backward removes the 

20 peripheral vision limitation and moves the front pin insertion sites from the forehead 
to points behind the hairline where scarring is less evident. Because of the low axial 
force requirements of fixation pins 10, halo 31 does not need to be a complete circle 
and can be open at the back of skull 32. The open back of halo 31 provides more 
comfort for the patient and better access to the injured spine by the surgeon and 

25 other medical personnel. Halo 31 can be mounted on a lockable pivot 33 to permit 
tilting halo 31 to an angle appropriate for each patient. Although halo 31 is shown 
attached to a vest type orthosis, it can also be used with traction devices (not shown) 
and other orthoses known in the art. 

Figures 7B and 7C show side and plan views, respectively, of crescent halo 
30 31. Halo 31 comprises frame 34 having a pivotal mounting feature 35 and multiple 
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fixation pin holes 36. Halo 31 is mounted via feature 35 on lockable pivot 33 of Fig. 
7A or on a traction device (not shown). Halo 31 can be rotated about pivot 33 for 
initial adjustment and then locked in place by pivot 33 to immobilize the spine. 
Multiple fixation pin holes 36 provide flexibility in locating pins 10 on the skull. 

5 A variation on the crescent halo is shown in Fig. 8. Flexible halo 41 comprises 

front section 42 and left and right side sections 43 and 44, each independently 
adjustable. Multiple fixation pin holes 36 provide flexibility in locating the pins on the 
skull. Sections 42, 43 and 44 include flexible mounting features 46 and 47 for 
attaching to a lockable pivot 33 as shown in Fig. 7A or to a traction device (not 
10 shown). Sections 42, 43 and 44 can be rotated about pivot 33 to fit halo 41 to the 
skull and then locked in position by lockable pivot 33 to immobilize the spine. 

Figure 9A is a schematic diagram of fixation pins 10 inserted into a long bone. 
A bone broken into two sections 52 and 53 is immobilized by external fixation frame 
51 and fixation pins 10. Figure 9B is an enlarged view of the encircled portion of Fig. 

1 5 9A showing the pin insertion in greater detail. During insertion, holes slightly smaller 
than the outside diameter of pins 10 are drilled into a first side 54 of bone section 52 
(or 53). Then pins 10 are threaded into side 54, utilizing self-tapping threads, and 
advanced by rotation through the interior 56 to second side 55 of section 52 Then, 
each pin 10 is further rotated, advancing cutting tip 13 into side 55. This process 

20 cuts a clean cylindrical hole into side 55 and leaves post 12 fitting snugly in the hole. 
Shoulder 14 limits the depth of penetration of cutting tip 13 into side 55. This method 
of attaching an external fixation frame to a long bone eliminates the risk of damage 
to tissue . outside of bone side 55 caused by drilling and threading a conventional 
fixation pin through both sides 54 and 55 of bone section 52 (and 53). After pins 10 

25 are inserted into bone sections 52 and 53, they are clamped into frame 51 by 
conventional methods. 

Figure 1 0A is a schematic diagram of fixation pins 10 used to stabilize a bone 
fragment in a long bone. A bone broken into a fragment 57 and two sections 58 and 
59 is immobilized by external fixation frame 51 and fixation pins 10. Figure 10B is 
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an enlarged view of the encircled portion of Fig. 10A showing the pin insertion into 
the fragment in greater detail. In this method, frame 51 is attached to bone sections 
58 and 59 as described in Figs. 9A and 9B. Then fixation pin 10 is threaded through 
a tapped hole in frame 41 and advanced by rotation through the external tissue (not 
5 shown) to the surface of fragment 57. Pin 10 is further rotated and cutting tip. 13 is 
advanced into fragment 57 until shoulder 14 presses against the surface of fragment 
57 thereby holding fragment 57 in place. 

Although for simplicity in the drawings, Figs.. 6-1 OB all illustrate the use of pin 
10 of Fig. 3, pin 20 of Figs. 5A and 5B can be used in these applications, and may 
10 be preferred in the long-bone applications of Figs. 9A-10B. 

Empirical data indicate that the fixation pin of this invention withstands 
transverse cycling loads at an axial pin-force of 50-90 N (1 1-20 lb) as well as conven- 
tional pins with conical tips withstand those loads at an axial pin force of 800-900 N 
(180-202 lb). Measured mean transverse force for single load failure of the pin of this 
15 invention was about 1000 N (225 ib) compared to about 550 N (124 lb) for 
conventional pins at an axial force of 50-90 N for both pins. 

In summary, the invention provides a bone fixation pin having on its leading 
end a shoulder attached to a cylindrical post with a rotary cutting tip on its face. 
During insertion, the cutting tip cuts a clean cylindrical hole into a bone and the 

20 .shoulder limits the depth of penetration. After insertion, the post fits snugly in the 
hole without requiring axial force for retention. The pin insertion causes minimal 
damage to bone surrounding the hole. Low axial force is needed to insert or hold the 
pin in place compared to conventional halo pins. The invention also provides a 
horseshoe-shaped crescent halo and a method of attaching an external fixation 

25 frame, both utilizing the fixation pin of this invention. 

While the invention has been described above, with respect to specific 
embodiments, it will be understood by those of ordinary skill in the art that various 
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changes in form and details may be made therein without departing from the spirit 
and scope of the invention. 



( , 



12 



WO 98/30167 PCT/US98/00278 

Claims 

What is claimed is: 



1 1. A fixation pin, comprising: 

2 a cylindrical post having a post diameter, a base and a face; 

3 a rotary cutting tip formed on said face; 

4 a shoulder extending radially outward from said base; and 

5 a body attached to said base. 

1 2. The fixation pin of claim 1 wherein said cutting tip comprises a cutting edge 

2 formed by an intersection of a rotationally leading surface and a rotationally 

3 trailing surface, said surfaces contained within said post diameter. 

1 3. The fixation pin of claim 1 wherein said body includes a cylindrical section 

2 having a body diameter, said cylindrical section attached to said base coaxially 
, 3 with said post. 

1 4. The fixation pin of claim 3 wherein said body includes a surface formed on 

2 said body within said body diameter. 

1 5. The fixation pin of claim 3 wherein said shoulder comprises a flange. 

1 6. The fixation pin of claim 3 further comprising a tapered section formed on said 

2 body adjacent to said shoulder, said shoulder having a shoulder diameter not 

3 limited to said body diameter. 
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1 7. The fixation pin of claim 3 further comprising a screw thread formed on said 

2 cylindrical section. 

1 8. The Fixation pin of claim 7 further comprising self-tapping flutes formed in said 

2 body. 

1 9. The fixation pin of claim 7 wherein a portion of said screw thread has a 

2 truncated cone shape. 

1 10. The fixation pin of claim 1 further comprising a coupling feature for rotating 

2 said fixation pin. " 

1 11. The fixation pin of claim 1 0 wherein said coupling feature is a screwdriver slot. 

1 12. The fixation pin of claim 10 wherein said coupling feature comprises a surface 

2 formed on said body for connecting a rotating device to said pin. 

1 13. A fixation pin, comprising: 

2 a cylindrical post, having a base, a face and a post diameter; 

3 a rotary cutting tip formed on said face, said tip comprising a cutting edge 

4 formed by an intersection of a rotationally leading surface and a rotationally 

5 trailing surface, said surfaces contained within said post diameter; and 

6 a shoulder extending radially outward from said base; and 

7 a body having a cylindrical section with a body diameter, said cylindrical 

8 section attached coaxially to said post. 
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1 14. The fixation pin of claim 13 further comprising a tapered section formed on 

2 said body adjacent to said shoulder, said shoulder having a shoulder diameter 

3 , not limited to body diameter. 

, 1 15. The fixation pin of claim 13 further comprising a screw thread formed on said 

2 cylindrical section. 

1 16. A method of attaching a halo to a skull, comprising the steps of: 

2 providing a fixation pin comprising a cylindrical post having a base and a face, 

3 a rotary cutting tip formed on the face, a shoulder extending radially outward 

4 from the base, and a body attached to the base; 

5 placing the halo around the skull; 

6 inserting the pin through the halo; 

. 7 rotating and advancing the cutting tip into the skull; and 

8 securing the pin to the halo. 

1 17. A method of attaching an external fixation frame to a bone, comprising the 

2 steps of: 

3 providing a fixation pin, the pin comprising: 

4 an elongated cylindrical body having a body diameter; 

5 a screw thread formed on the body; 

6 a cylindrical post, having a base, a face and a post diameter smaller 

7 than the body diameter, coaxially attached to the body; 

15 



WO98/301«7 PCTVUS98/00278 

a rotary cutting tip formed on the face; and 

a shoulder extending radially outward from the base; 

drilling a hole into a first side of the bone; 

threading the body into the hole; 

rotating and advancing the cutting tip into a second side of the bone; and 
attaching the pin to the frame. 

18. The method of claim 17 wherein the screw threads, are self-tapping. 

19. A crescent halo, for attaching to a skull, comprising: 
a frame, for partially encircling said skull; 

a plurality of fixation pin holes in said frame for receiving and retaining a 
fixation pin according to claim 1; and 

a mounting feature on said frame for attaching said frame to an immobilizing 
device. 

20. The crescent halo of claim 19 wherein said frame comprises a plurality of 
independently adjustable sections. 
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